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Preparation of D-Mannitol-C" and Its Conversion to
D-Fructose-1-{and 6)-C" byAcetobacter Suboxydans’

Horace 3. Isbell and ]J. V. Karabinos
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1. IntrodhzcHon

The Bureau recently undertock a program for the
development of methods for the production of n
variety of position-labeled sugars [11.2  The prepara-
tion of p-glueose-1-C* and p-mannoze-1-C4 in high
yield was described m & previous report [2]. This
paper denls with the production of p-meannitol-1-C%
and its conversion to pfructose-i-fand 8)-C¢ by
oxidation with Aestobacter suhoxydans® Prier to
the present investigation, randomly labeled fructose
had been prepared by photosynthesis [3], but posi-
tion-labeled frretose had not heen reported. It was
known that p-tnannitol could Le obtaived by redue-
tion of p-mannose, snd that it eould be converted to
n-fructose by oxidation with Acetobacter suboxydans
[4). p-Mannitol differs from p-mannose in that the
ends of the moleeule are slike. For thie reason a
1-labeled mannpitol 1) can be considered as cither
1- or 6-labeled, snd any unsymmetrical derivative
prepared fram thiz aubstance would be I 6-labeled,

vided the carbon choin remeins ingact. Thus,
¥y oxidation of p-mannitol-1-CY one would ohtsin
pruciose-1-(and 6)-C" (IT).
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A= both p-mannitol-1-CY and bp-fruetose-1-
{and 8)-CY would provide powerful tools for the
elucidation of many problems in biclegy and chem-
istry, the prepatstion of thess compounds was
undertaken,

2. Discussion of the Processes

The production of p-mannitol-1-C4 ineludes: {13
proparation of Dmannono-ylactone-1-CY by the
method already described [2], (2) conversion of the
lectone to p-mannose-1-CY by sodium amalgam
reduction, and (2} catalytic redoction of 1the sugar
with hydrogen, Each siep in the process was
studied in detal, and Pmadures were developed fo
obtain p-mannitol-1-CM from Dp-mannonc-s-lactone-
1<% in an over-all radiochemical yicld of aboui &0

ent.

The production of p-fruetoae-1-{and 61-CY involves
oxidgtion of p=manmitol-1-0M with Acetobacler sub-
oxydans, It has beon cstablished '55] that Aceto-
bacter auboxydana preferentially oxidizes tha
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up. In aement with this erty, D-fructose-
f-(and a;.cﬁ obtained by oxidation of pomannitol
with Acetobacter suboxydans® As pointed out In
section 1, the ends of the molecule are alike. For
this reason, oxidation eould proceed equally well
from either end of the molecule, and, in the cvent
that oxidation took place ot both ends, a diketo
derivativa would be formed. Thus, prolonged
getion of Acetobacter suboxydans on mennitol
should yizld the diketo derivative
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{p-thrso-Goan-2-ketobexose).
1 Bew folnote 3.
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To eseortgin whether the oxidetion did, in fact,
procesd bayend the {ructose stage, & series of man-
nitol Acetobacter suboxydans cullures were et Up
snd, as given in table 1, the course of the reaction
was followed by determinations of fructosa and totsl
copper-reducing substance. The frustose concen-
tration was determined from the polarization at two
temperatures [6]. Total reducing substance waa de-
termined by the modified Seales method [7]. Curve
1 of figure T gives the yield of p-fruetose determined
from the difference in optical rotation &t two temper-
atures. Curve 2 gives Lhe copper-redocing power of
the solution cxpressed == the percentage of the co-
ducing power of a solution containing the amount of
p-fructose molecelarly equivalent to lhe meannitol
originelly prescnt, e popper-reducing valoe repro-
sents nll reducing substances present and is expressed
arbitratily on lhe fruetose scale.  The vield of p-frus-
toze reached a maximum in ebout 2 days, and then
decressed for about 6 days when active growth of the
organiztn had slowed down.,  In every sample, after
the first day the copper-reducing velue cxeeeded that
of the pfructose determined from the polarization at
two tetnperatures. Hence, the solution contained a
constituent having eopper-reducing power other then
ofructose. Presomably, this substence was the
anticipated diketo compound of a substahce de-
rived therofrom,  The resulis elearly show that it 1s
necessaty to control the reaction time io obiain
maximum yields of p-fructese. The experitnent of
figure 1 was conducicd with & surface-volums ratio
of 1.28. In ement with the work of Fulmer,
Dunning, and Underkofler, a somewhbal lagher yield
of fructoze was obitalned with a higher surfase-volizme
ntio. In the preparationof pfructose-1-fand 6-3C4
on & tracer level, a aurface-volume ratio of 1.5% was
used, #nd a radiochemiral vield of 54 percomt wes
obtamned.

3. Experimental Procedures
3.1, pManncno-y-lactone.1CM

Thia substance wns prepared in 67-percent yield
by the sodivm-bicarbonate—carbon-dicdde method
previgusly deseribed [2].

3.2. Conversion of D-Mamnono-y-lactone-1-CU to
D-Mannitol-1-CM

Che midlimole of p-mannono~y-laclone-1-0" having
an activity of 10 pe wes disselved in 20 ml of water;
1.5 g of benzoic neid was added, and the mixturs was
gtirred in an ice bath until eold. Sodivm smealgam
pellets (4.8 g, containing 5 percent of sodiom) were
ardded and stirring was continued.  After 2 hours the
mercury woas removed, and another addition of 1.2 g
of benzoio acid and 48 g of a was made.
Stirring was continued at 0° to 5° C for 2 hours, after
which the merenry was removed, and 1.26 ¢ of oxalic
acld wee added. Then the mixture was exhacted
with chloroferm to remove the honzole acid. The
sodium cxalete in the aqueous soluiion was precipi-
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teted by the addition of nlppmximate] fr Z volumes of
methanol and 2 of ethanol.  The inzcluble salts were
separated by filiration and washed with methanol.
The rezultant aleoholic liquor was coneentrated ynder
redueed pressure to about 5 ml and was diluted agnin
with 2 volumes of methanol and 2 of ethanol. The
resultant precipitate wee separated and washed with
mecthancl. The slcoholie hquoer was evaporated o
approximately 2 ml and was then tranaferred with 3
ml of water to the tube of a high-pressure hydro-

enetor containing 0.1 g of ealeinm carbonate and

5 g of Baney nickel catalyst. The mixture wes
hydrogenated for 2 hours at 125° C and 1,000 1b/in?,
‘ﬁmn the mixturc was covled to room temporature,
filtered, and passed through a column (1.4 by 25 cm;
contaimnp eqeal poriions of Amberlite TR 100-H and
Duolite A4, The effluent and wash liquor were com-
bined and lyophilizedd. The residue was dissolved in
the minimum guantily of hot methanol. After the
addition of an equasl volome of lsopropanol, and
seeding, the solution was sat aside for crystallization
of p-manpitol.  In the course of 3 days 117 of
p-mnantitel-1-C46 4 we) wis obtnined, Tt meirb[ofl ak
1657 , in substaniial agreement with the acerpted
value of 166° to 168° C. “Carrier” p-mannitol
{100 mg) was dissolved in the mother liquor and,
after crystallization, 98 mg of p-mannitol-1-C" was
obtained with & radicactive eontent of 1.6 pe. The
total radiogctive recovery was 80 percent.

3.3. Preliminary Study of the Oxidation of D-Mannitol
to D-Fructose with Acetocbncter Suboxydana

Aliquots (25 ml) of an aquecus solution contalning
8.1 g of p-manmitol, 2.5 g of yeast extract, and 1.5 g
of potassiym dih d’rngcn phosphate in 500 ml were
placed in 125-1ml i‘lrlanmeynr Ansks and sterilizad for
15 mintites at & steam pressure of 15 lh.  Each flask
wus then inoculated with fve dropa of a previously
prepared ingoulum of Acctobacter suboxydans and
ellowed to stand st 30° O in an inenbator. The
inoculum was leP“*r'ed by growth, at 30° C for 45
bours, of & fresh culture of Acetobacter suboxydans
on o =olution conteining 2 g of manmtol, 0.2 g of
yveast axtract, and 40 ml of water.
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At re%u]ar intervals followi the inoculation,
one of the flasks waz removed froin the insubetor.
The liguid was transterred to o 25-ml volumetric
flask and diluted to volume. One-half gram of
neutral lead scetate tribydrate was then added.
The mixture was transferred to a cantrifuge tube,
nnd the precipitate was removed by centrilugation.
To the clear solution was added 0.25 g of potassium
pxelate monchydrate, and the resulting precipitate
was again removed by centrifugation. The clesr
solution wea then used directly for measureroents of
optical rotation and copper-reducing power.
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The optical rotations given in table 1 were made
a} two temperaturcs with & Bates sacchirimeter and
a 2-dm tuba. The rotations st the highor tempera-
turea were corrected [6] for expansion by uwse of the
coefhicient (0.00044 for each depree riza in temperature.
The difference between the corvected rotation end
that at 20°, divided by the tempersture difference
and by 0.03441, equals the number of prams of p-
fructose per 100 ml of solution, Complete con-
wversion k0 p-fructose of the mannitol originglly in the
;ﬂutinn would have given 1.8 g of p-fructose per 100

Copper-reducing values, alse given in table 1, were
datermined on the sclutions by the modificd Seales
method {7] standardized against p-fructose. The
values 8o obtained represent all substances thet re-
duce the allcaline copper reagent.

3.4, Conwerzion of D-Manitcl-1-CY o O-Frucloss-1-
{and &)-C!t

Omne millimmole (182 mg) of p-manmitol-1-0C%, with

g madiceetive content of 8.8 po/millimole, wos di=-
solved in 10 ol u;‘r:?ueous selution contaimng 50 mg
of yeast extract 20 mg of potassium d.i]:lr!yﬂmgen
phosphata in u 50-ml Edenmeyer flask {surfoce/vol-
ume=1.5% em%ml). The mixture was allowed to in-
cubate at 30° O wilth three drops of 2 previously pre-
pared ingoulum of Acctobactor zuboxydans to the
Eeint. of maximum rotstion and reducing power (45
s, To lhis solution was then added 1 ml of &
20-percent solution of zine sulfate and an equivalent
quaatity (previously deteirmined with bromothy-
ol blus indicator) of a saturated solulion of harum

hydroxide, After removal of the precipitate by cen-
u-ifu%-a,tion, ihe solution and washings were passed
slowly through a (1.2 by 22 om) column containing
& mixture of Ambedite TR 100-H and Duolite A4,
The effluent and agqueous wash liquor wera concen-
trated by lyophilization to an amorphous residus
weighing 145 mg. This residue was dissolved in
several drops of methanol, isopropancl was added
to the point of incipient turbidity, and the mixtore
was seetdad with pfructose. Crystallization was al-
lowed to Pm::eed for several days, after which 56 mg
of crystelline product was obtained. The specific
rotation ([a]P— —827) as well as tha radicactivity
(0.0428 uefmg) of 1the material was about 10 percent
tonlow. Hence, the vield of C-labeled fructose waa
actually 49 mp (2795 instoad of 56 mg. An addi-
tional quantity of labeled fractoss was separated by
the use of 200 mg of carrier o-fructose.  An aquecus
solution of the carrier wos added to the mother liquoz,
and the solution was evaporated to substantiel dry-
nes2.  The residie was teken up in 1 ml of methanol,
and erystallization was induced by the nddition of 2
ml of wopropanol snd seeding with eryatalline fruc-
tose. The crystals that separated weighed 210 m
and had sn activity of 0.0114 pefmg. The crop o
fruetose undiluted with carrier contained 2.40 pe, and
the carricr-diluted sugar contained 2.39 po; thes the
radiochemical yield wos 4.79 e, or 54.4 poreent,”

The authors cxpress their appreciation to Naney
B. Holt and to Abraham Schwebel of the Bureau,
who condueted the analytical work, and to Laors C.
Stowart of the Netional Institutes of Health, who
supplied a colture of Acetobactor suboxyvdans and
made gugpeations coneerning ite use.
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